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L9 ANSWER 1 OF 11 USPATFULL on STN 

AB Disclosed herein is a method for forming a silicon 
epitaxial layer. The method comprises the steps of 
cleaning the surface of a silicon substrate 
having dopant of predetermined concentration doped therein 
with mixed plasma comprising an etching gas 
containing fluorine and hydrogen or deuterium/ and 
forming a silicon epitaxial layer on the 
cleaned surface of the silicon 

substrate. The doped concentration of the silicon substrate is 
preferably 10. sup. 18 to 10. sup. 21 atoms/qm. sup . 3 . According to the 
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silicon epitaxial, 

formed on a high! ' 
700° C. or less 
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L9 ANSWER 2 OF 11 USPATFULL on STN 
AB Raised structures comprising overlying silicon layers 
formed by controlled selective epitaxial 

growth, and methods for\ forming such raised-structure on a 
semiconductor substrate We provided. The structures are formed by 
selectively growing an initial epitaxial layer of 
monocrystalline silicon $n the surface of a semiconductive 
substrate, and forming a \thin film of insulative material over the 
epitaxial layer. A portion of the insulative layer is removed to expose 
the top surface of the epitaxial layer, with the insulative material 
remaining along the sidewa\ls as spacers to prevent lateral growth. A 

slectively grown on the exposed surface of 
crystal layer, and a thin insulative film 
epitaxial layer. Additional epitaxial 

provide a vertical structure of a desired 
rers of single silicon 
have 

appermost epitaxial layer also with an 



laV 



second epitaxial layer is 
the initial epitaxially gro 
is deposited over the secon 
layers are added as desired 
height comprising multiple 
crystals, each epitaxial laye: 
insulated sidewalls, with the 

insulated top surface. The resftltant structure can function, for 
example, as a vertical gate of h DRAM cell, elevated source/drain 
structures, or other semiconductor device feature. 
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a semiconductor device comprising a plurality 
ductor layers formed, for example, in an 
ilm, said semiconductor layers having no or 
The method comprises forming in a first growth 
chamber a first semiconductor layer of a first conductivity type in an 
opening of an insulating flilm and subsequently forming in a second 
growth chamber a second semiconductor layer of a second conductivity 
type in an opening of an imsulating film, while supplying hydrogen to 
the surface of the subs tra tie when the substrate is transferred from said 
first growth chamber to sai\i second growth chamber. 
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L9 ANSWER 4 OF 11 USPATFULL on ETN 
AB Raised structures comprising overlying silicon layers 

formed by controlled selective epitaxial 

growth, and methods for forming such raised-structure on a 
semiconductor substrate are Provided. The structures are formed by 
selectively growing an initial epitaxial layer of 
monocrystalline silicon on the surface of a semiconductive 
substrate, and forming a thinl f ilm of insulative material over the 
epitaxial layer. A portion of \ the insulative layer is removed to expose 
the top surface of the epitaxial layer, with the insulative material 



remaining along the sidewalls 
second epitaxial layerxis sele 



is spacers to prevent lateral growth. A 
:tively grown on the exposed surface of 
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the initial epitaxiallyT grown crystal layer, and a thin insulative film 
is deposited over the second epitaxial layer. Additional epitaxial 
layers are added as desired to provide a vertical structure of a desired 
height comprising multiple layers of single silicon 
crystals, each epitaxial! layer have 

insulated sidewalls, with the uppermost epitaxial layer also with an 
insulated top surface. T3ne resultant structure can function, for 
example, as a vertical gate of a DRAM cell, elevated source/drain 
structures, or other semiconductor device feature. 

INDEXING IS AVAILABLE FOR THfS PATENT. 
2002:251321 USPATFULL 

Method for forming raisedl structures by controlled selective 
epitaxial growth of facet I using spacer 
Ping, Er-Xuan, Meridian, ID, UNITED STATES 
McKee, Jeffrey A. , Meridian, ID, UNITED STATES 
US 2002137269 Al 20020926 

US 2001-46497 Al 20|pil026 (10) 

No. US 20P1-816962, filed on 23 Mar 2001, PENDING 



Division of Ser. 
Utility 
APPLICATION 

WHYTE HIRSCHBOECK DUDEK 
MILWAUKEE, WI , 53202 
Number of Claims: 122 
Exemplary Claim: 1 
8 Drawing Page(s) 
1042 



111 EAST WISCONSIN AVENUE, SUITE 2100, 



CLMN 
ECL 
DRWN 
LN . CNT 

CAS INDEXING IS AVAILABLE FOR THI l S PATENT. 



L9 ANSWER 5 OF 11 USPATFULL on &TN 
AB Raised structures comprising overlying silicon layers 

formed by controlled selective epitaxial 

growth, and methods for forming such raised-structure on a 
semiconductor substrate are provided. The structures are formed by 
selectively growing an initial epitaxial layer of 
monocrystalline silicon on the surface of a semiconductive 
substrate, and forming a thinl film of insulative material over the 
epitaxial layer. A portion of 1 the insulative layer is removed to expose 
the top surface of the epitaxial layer, with the insulative material 
remaining along the sidewalls las spacers to prevent lateral growth. A 
second epitaxial layer is selectively grown on the exposed surface of 
the initial epitaxially grown crystal layer, and a thin insulative film 
is deposited over the second epitaxial layer. Additional epitaxial 
layers are added as desired toAprovide a vertical structure of a desired 
height comprising multiple layefrs of single silicon 
crystals, each epitaxial layer nave 

insulated sidewalls, with the uppermost epitaxial layer also with an 
insulated top surface. The resultant structure can function, for 
example, as a vertical gate of al DRAM cell, elevated source/drain 
structures, or other semiconductor device feature. 
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A method of manufacturing a 
forming an insulating film o\ 
silicon region on a surface 
forming an exposed region ofl 
containing a halogen onto th\ 
of silicon onto the silicon 
silicon on the exposed regioi 



emiconductor device including the steps of 
a silicon region of a substrate having the 

he insulating film having an opening for 

the silicon region, supplying a gas 
silicon region, and supplying a source gas 

egion, thereby selectively depositing the 
of the silicon region. 
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L9 ANSWER 7 OF 11 USPATFULL on SI 

AB A manufacturing method producds a semiconductor IC device which can 
maintain a low power consumption for electronic circuits and form 
gate-isolation layers of different thicknesses without increasing the 
manufacturing cost. The semiconductor IC device has gate-isolation 
layers of different thicknesses\ on the same semiconductor substrate 
surface. To form such gate- isolation layers, a silicon dioxide layer is 
formed in first and second regions. The dopant-concentration 
is adjusted in silicon dioxide layer that is to have a thickness 
different from the above silicon! dioxide layer thickness in the second 
region B. A carbon-containing semiconductor layer is selectively formed 
in either the first region or thi second region. Therefore, there is no 
need for additional steps for forming silicon dioxide layers of 
different thicknesses in the first region and in the second region. In 
addition, a carbon-containing semiconductor layer is selectively formed 
on desired areas of the semiconductor substrate where thinner oxide 
layer is to be formed. The semiconductor substrate is oxidized 
successively to have oxide layers \of different thickness on the surface 
of the substrate in one step. 
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L9 ANSWER 8 OF 11 USPATFULL on SlTN 

AB A manufacturing method produces a semiconductor IC device which can 
maintain a low power consumption for electronic circuits and form 
gate- isolation layers of different thicknesses without increasing the 
manufacturing cost. The semiconductor IC device has gate-isolation 
layers of different thicknesses on the same semiconductor substrate 
surface. To form such gate-isohation layers, a silicon dioxide layer is 
formed in first and second regions. The dopant -concentration 
is adjusted in silicon dioxide llayer that is to have a thickness 
different from the above silicon dioxide layer thickness in the second 
region B. A carbon-containing semiconductor layer is selectively formed 
in either the first region or tme second region. Therefore, there is no 
need for additional steps for forming silicon dioxide layers of 
different thicknesses in the fiijst region and in the second region. In 
addition, a carbon-containing semiconductor layer is selectively formed 
on desired areas of the semiconductor substrate where thinner oxide 
layer is to be formed. The semiconductor substrate is oxidized 
successively to have oxide layerfs of different thickness on the surface 
of the substrate in one step. 
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AB 



A manufacturing method produces , 
maintain a low power consumption 



semiconductor IC device which can 
for electronic circuits and form 
gate-isolation layers of differeht thicknesses without increasing the 
manufacturing cost. The semiconductor IC device has gate-isolation 
layers of different thicknesses Dn the same semiconductor substrate 
surface. To form such gate-isola :ion layers, a silicon dioxide layer is 
formed in first and second regions. The dopant-concentration 
is adjusted in silicon dioxide layer that is to have a thickness 
different from the above silicon Idioxide layer thickness in the second 
region B. A carbon-containing semiconductor layer is selectively formed 
in either the first region or thq second region. Therefore, there is no 

ling silicon dioxide layers of 

region and in the second region. In 
[conductor layer is selectively formed 



need for additional steps for foi 
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addition, a carbon-containing sen 
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on desired areas of the semiconductor substrate where thinner oxide 
layer is to be formed. The semiconductor substrate is oxidized 
successively to have oxide layers \of different thickness on the surface 
of the substrate in one step. 
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ANSWER 10 OF 11 USPATFULL on STN 

A method of manufacturing a semiconductor device includes the steps of 
forming an insulating film on a silicon region of a substrate having the 
silicon region on a surface the insulating film having an opening for 
forming an exposed region of the silicon region, supplying a gas 
containing a halogen onto the silicon region, and supplying a source gas 
of silicon onto the silicon regionl thereby selectively depositing the 
silicon on the exposed region of tl\e silicon region. 
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AB A manufacturing method produces a semiconductor IC device which can 
maintain a low power consumption for electronic circuits and form 
gate-isolation layers of different thicknesses without increasing the 
manufacturing cost. The semiconductor IC device has gate-isolation 
layers of different thicknesses on the same semiconductor substrate 
surface. To form such gate-isolation layers, a silicon dioxide layer is 
formed in first and second regions. The dopant- concentration 
is adjusted in silicon dioxide layer that is to have a thickness 
different from the above silicor dioxide layer thickness in the second 
region B. A carbon-containing semiconductor layer is selectively formed 
in either the first region or the second region. Therefore, there is no 
need for additional steps for forming silicon dioxide layers of 
different thicknesses in the first region and in the second region. In 
addition, a carbon-containing seniconductor layer is selectively formed 
on desired areas of the semiconductor substrate where thinner oxide 
layer is to be formed. The semiconductor substrate is oxidized 
successively to have oxide layer^ of different thickness on the surface 
of the substrate in one step. 
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